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Method (cont)

Figure 1. SIPOC (Supplier-Input-Process-Output-Customer ) chart used to identify factors 
leading to TNP. This high-level process overview led the team to focus on test ordering, 
specimen collection, and specimen preparation.

Figure 4. Failure mode and effects analysis (FMEA) chart. This truncated chart is for 
illustrative purposes only. The actual FMEA chart developed for this projects contains 
???HOW MANY??? rows of data. The full FMEA chart also contains columns for follow up of 
severity, occurrence, detectability, and RPN after corrective actions are taken. The RPN (risk 
priority number) is the product of the severity occurrence frequency, and detectability, each 
of which is scored on a scale of 1-10.

Method (cont) Method (cont)

Analyze
Failure mode and effects analysis (FMEA)
FMEA is a powerful quality tool used to identify problem areas in processes and 
how these problems affect down-stream steps in the process. FMEA is helpful in 
prioritizing potential causes of process failure. We used FMEA to identify and 
assess the potential impact of failure areas in the sample submission process. 

Six Sigma Team
Hospital: Clinic process experts (medical assistants, LPNs); outpatient 
department (phlebotomist); and hospital laboratory control department
Quest Diagnostics: Six Sigma Black Belt

Define
A high-level overview (Fig. 1) identified 3 main areas to focus our attention: 
• Test ordering 
• Specimen collection 
Specimen preparation

Measure
Pareto charts identified 4 processes accounting for 50% of TNPs and 3 clinics 
accounting for 55% of TNPs (Fig. 2).

Six Sigma at Quest Diagnostics
The Six Sigma method was introduced in the 1980s, when Motorola pioneered 
changes to:
• measure defects per million opportunities (DPMO) to provide a better under-

standing of defect rates and process performance
• establish a new business culture that uses process-driven methodology
Literally, Six Sigma stands for 3.4 DPMO—virtual perfection. The Six Sigma 
business philosophy thus focuses on reducing overall defects and performance 
variation as defined by the “Voice of the Customer.” The Quest Diagnostics Six 
Sigma program incorporates both Six Sigma and Lean principles and process 
tools to improve performance. Since 2000, more than 160 business leaders 
throughout Quest Diagnostics have become Black Belts (full-time Six Sigma 
project leaders). These Black Belts work with every Quest Diagnostics business 
unit and functional area across the company. 

This report describes the implementation of Six Sigma methods to reduce the 
occurrence of “tests not performed” (TNP) for a client.

Business Case / Problem Statement
A major pediatric hospital client had an unacceptably high rate (2.2%) of test 
requests that could not be fulfilled. Reasons included:
• No specimen drawn
• Wrong specimen drawn
• Duplicate test ordered
• Specimen quantity not sufficient
TNPs cause extra work for the submitting hospital and the performing laboratory. 
More importantly, they might adversely affect patient care. The primary purpose 
of this Six Sigma project was to identify and remedy the underlying causes of the 
high TNP rate at this hospital. This process required close collaboration with 
hospital staff to ensure the flow of information and perspectives. An interesting 
and challenging aspect of this undertaking was that the hospital personnel 
involved had no previous exposure to Six Sigma methods. 

Results (cont)
Innovative Improvement
To address the problems identified above, we implemented the Quest Care 360 
Electronic Test Ordering System. The key benefits of this system are outlined 
below:

• Up-to-date test ordering database
• Printed requisition eliminates errors caused by hand-writing
• Client/patient database reduces demographic and billing errors
• Up-to date test database with preferred and alternate specimen requirements
• User friendly customized test ordering panels
• Requisitions indicate preferred specimen and storage temperature
• Several customized report management options
• Electronic technical up-dates
• Electronic ordering eliminating keying errors

In addition, a “Doctor Order” form specific to each clinic was created to eliminate 
the effects of handwriting errors (Fig. 5). The test selection on the form was 
determined by the current usage with review and additions through key clinic 
individuals.

• The six sigma methods employed in this project allowed us to 

Identify the sources of errors leading to the high rate of TNP

Implement effective interventions to correct the errors

Monitor the success of these interventions and quickly recognize
recurrence of the problem

• Black belt projects can be successfully implemented even in environments 
with no previous exposure to six sigma methods

• The close collaboration between the Quest Diagnostics and hospital staff 
required by this project provided a valuable opportunity for each to see first-
hand the challenges faced by the other. 

• The six-sigma tools used to identify the sources of error leading to TNP
helped focus attention on all

Conclusions

Overview of Six Sigma procedures used in this project: 
Define Establish the business case; the customer expectations 

(Voice of the Customer (VOC)); what is Critical To Quality 
(CTQ) to the customer; definition of primary metrics (Ys); 
defect definitions; identify the Suppliers, supplier Inputs, 
high level Process, process Output, Customers (SIPOC); 
and roles and responsibilities of team members 

Measure Study and map the process steps; establish a data 
collection plan; assess capabilities of measurement 
systems; measure baseline performance of the process 
(Ys and defects); establish goals for defect reduction; 
preliminary stratification of problems 

Analyze Identify the variables (Xs) that influence process 
performance (process maps, FMEA, YX matrix, 
stratification graphs, etc; establish and test hypothesis 
effects of variables (Xs) upon process (Ys); identify 
improvements 

Innovative 
Improvement 

Perform cost-benefit analysis of improvements; pilot 
improvements; create control chart to measure the 
improvement performance 

Control Establish a control plan for the process owner; document 
and standardize the improvements; continue to control 
chart monitor the improved process 

Method

Control 
Implementation of the Quest Care 360 Electronic Test Ordering System resulted 
in a 50% reduction on the frequency of TNP reports (Fig. 5).

The Six Sigma process also requires mapping of all steps and decisions in a 
process and establishment of key measures of performance for the process as 
defined by the SIPOC chart. Figure 3 shows an example of one of the process 
maps used in this project.

Figure 3. Specimen collection process map. This chart utilized outpatient department subject 
matter experts to document a detailed process map for specimen collection. Process maps 
such as this are valuable visualization tools that help team members identify possible causes 
of problems and potential areas for improvement. Numerous process maps were created 
during this project. 
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Call Results       FAX Results      Copy Results      

330 CHLORIDE (Cl) 36126 RPR (DX) W/REFLEX CONF. FTA

34392 ELECTROLYTE PANEL (4) 334 CHLOSTEROL, TOTAL (TChol) 802 RUBELLA IGG AB

(Na, K, Cl, CO2) 375 CREATININE (Cr) 825 SICKLE CELL SCREEN

10256 HEPATIC FUNCTION PANEL (7) 418 DIGOXIN 836 SODIUM (Na)

(Alb, TBili, DBili, AP, AST, ALT, TP) 6421 EPSTEIN-BARR VIRUS AB 873 TESTOSTERONE, TOTAL

10165 BASIC METABOLIC PANEL (8) 457 FERRITIN 896 TRIGLYCERIDES (Trig)

(Na, K, Ca, Cl, CO2, Glu, BUN, Cr) 466 FOLIC ACID 899 TSH

10231 COMP METABOLIC PANEL (14) 470 FSH 36127 TSH W/REFLEX T-4, FREE
(Na, K, Cl, CO2, Glu, BUN, Cr, Ca, TP, Alb, TBili, AP, 
AST, ALT) 482 GGT 859 T-3, TOTAL

7600 LIPID PANEL 8477 GLUCOSE, GEST. SCR. 861 T-3 UPTAKE

(Tchol, Tr ig, HDL, calc LDL) 484 GLUCOSE, PLASMA 867 T-4 (THYROXINE)

10306 HEPATITIS PANEL, ACUTE W/REFLEX 483 GLUCOSE, SERUM (Glu) 866 T-4, FREE
(HbsAg w/reflex confirm, HC Ab, HA Ab IgM, HbcAb, 
IgM) 8435 HCG, SERUM, QUAL 6448 UA, DIPSTICK ONLY

8396 HCG, SERUM, QUANT 7909 UA, DIPSTICK W/REFLEX TO MICROSCOPIC

7788 ABO GROUP & RH TYPE 608 HDL 5463 UA, COMPLTE (DIPSTICK & MIRCOSCOPIC)

6399 CBC (HEMOGRAM/PLT/DIFF) 496 HEMOGLOBIN A1C 3020 UA, COMPLETE, REFLEX TO CULTURE

509 HEMATOCRIT 512 HEP A IGM AB 294 UREA NITROGEN (BUN)

510 HEMOGLOBIN 4848 HEP B CORE IGM AB 905 URIC ACID

7008 HEMOGRAM (H/H, RBC, Indices, WBC) 499 HEP B SURFACE AB QUAL 916 VALPROIC ACID

1759 HEMOGRAM/PLT 498 HEP B SURFACE AG W/REFLEX CONFIRM 7065 VIT B12/FOLIC ACID

723 PLT COUNT 8472 HEP C VIRUS AB 927 VITAMIN B12

763 PTT, ACTIVATED 6449 HIV SCR W/REFLEX WB CONFIRM

8847 PT WITH INR 561 INSULIN, FASTING 4605 CULTURE, FUNGUS

793 RETICULOCYTE COUNT 7573 IRON (TOT), IBC % SAT 4485 CULTURE, GP. A STREP SCREEN

809 SED RATE BY MOD WEST 571 IRON, TOTAL 5617 CULTURE, GP. B STREP

937 WBC 593 LDH 4558 CULTURE, GENITAL

599 LEAD VENOUS 394 CULTURE, THROAT

223 ALBUMIN (Alb) 615 LH 395 CULTURE, URINE, ROUTINE

234 ALKALINE PHOSPHATASE (AP) 613 LITHIUM (INC. INDWELLING CATH.)

823 ALT (SGPT) 622 MAGNESIUM 8502 CHLAMYDIA DNA. ENDOCX OR M/URET

243 AMYLASE 35301 OCC BLD, FECES (DX) 6919 CHLAMYDIA & GC W/REFLEX TO ID

249 ANA W/REFLEX TITER 35306 OCC BLD, FECES (MCR SCR) (DNA PROBE) (ENDOCX OR M/URET)

795 ANTIBODY SCR, RBC W/REFLEX ID 713 PHENYTOIN 3930 FECAL LEUKOCYTE STAIN

822 AST (SGOT) 718 PHOSPHORUS 8501 GC DNA, ENDOCX OR M/URET

285 BILIRUBIN, DIRECT (DBili) 733 POTASSIUM (K)

287 BILIRUBIN, TOTAL (TBili) 745 PROGESTERONE 4408 CLOSTRIDIUM DIFFICILE (TOXIN B SCREEN)

4420 C-REACTIVE PROTEIN 746 PROLACTIN 10045 CULTURE, STOOL

29256 CA 125 754 PROTEIN, TOTAL (TP) (CAMPYLOBACTER SALMONELLA/SHIGELLA)

303 CALCIUM (Ca) 5363 PSA, SERUM (DX) 4475 CULTURE, CAMPYLOBACTER

310 CARBON DIOXIDE (CO2) 10157 PSA, SERUM (MCR SCR) 10019 CULTURE, SALMONELLA/SHIGELLA

10124 CARDIO CRP 4418 RHEUMATOID FACTOR 30264 E. COLI SHIGA TOXINS, EIA

978 CEA 799 RPR(MONITOR)W/REFLEX TITER 681 0 & P W/PERMANENT STAIN

Other Testing Diagnosis:
 __ __________________________
 __ __________________________
 __ __________________________

INDIVIDUAL TESTS

ORGAN DISEASE PANELS

HEMATOLOGY

_________________________
(Provider's Signature)

_________________________________
_________________________________
_________________________________

Stool Pathogens

MICROBIOLOGY

DOCTOR ORDER FORM

Pt. Name ____________________  D.O.B. _________________  ID# _____________________

________________________

________________________

Date:_____/_____/_____

Physician IPhysician A

Physician CPhysician B

Physician C

Physician D

Physician E

Physician F

Physician G

Physician H

Figure 5. Electronic “Doctor Order” form.

Figure 7. Control plan for TNP reduction includes plan/check/act steps for both Quest 
Diagnostics and the hospital.

A control plan has been implemented to ensure that the TNP rate remains within 
reasonable limits (Figure 7).

Figure 6. TNP control chart showing reduction in TNP after implementation of the Quest Care 
360 Electronic Test Ordering System. CEN, center line; UCL, upper control limit; LCL, lower 
control limit. Vertical bar indicates installation and initiation of the Care 360 ststem.

Introduction

PLAN/DO CHECK ACT
Flowchart Indicators Corrective Actions

Indicators Corrective Actions
1. Total TNP percent is monitored 1. All out-of-control data is researched
2. Individual clinic data is available 2. Process owner determines process failure point

Quest QA Extracts Test Count & TNP Data 
from QLS

Quest QA Completes Control Chart & Data

Control Chart & Data E-Mailed To Hospital 
Process Owner

Process Owner Reviews & Acts On Data

PLAN/DO CHECK ACT
Flowchart Indicators Corrective Actions

Indicators Corrective Actions
1. Total TNP percent is monitored 1. All out-of-control data is researched
2. Individual clinic data is available 2. Process owner determines process failure point

Quest QA Extracts Test Count & TNP Data 
from QLS

Quest QA Completes Control Chart & Data

Control Chart & Data E-Mailed To Hospital 
Process Owner

Process Owner Reviews & Acts On Data

Figure 2. Pareto charts identifying key processes and clinics associated with TNP. A) Four 
process error types led to 50% of TNPs: B) Three clinics within the hospital accounted for 
55% of the errors.
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Test Ordering & 
Specimen Collection
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doctor uses for patient visit.  

N/A

Test Ordering & 
Specimen Collection

The internal form has an area for 
routine tests to be ordered by 
checking off.  Also has an area to 
hand write test orders.

Ordering 
wrong test

No results on 
test needed 6

Human error

2 10 120

Test Ordering & 
Specimen Collection
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routine tests to be ordered by 
checking off.  Also has an area to 
hand write test orders.

Missing a test No results on 
test needed 6

Human error

2

Ordering guides 
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Test Ordering & 
Specimen Collection

Testing is ordering where a patient 
is scheduled for blood work without 
a doctor visit. Doctor got original 
results and needs additional 
testing. 

N/A

0

Test Ordering & 
Specimen Collection

An RN, LPN or MA enters the 
request in the Quest TOROL 
system with patient demographics, 
insurance information and test 
orders from the internal form.

Ordering 
wrong test
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test needed

6

Understandi
ng the hand-
writing 5

Procedure to 
review before 
printing out 5 150
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specific 
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printing out 5 60
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Test Ordering & 
Specimen Collection

An RN, LPN or MA enters the 
request in the Quest TOROL 
system with patient demographics, 
insurance information and test 
orders from the internal form.

Ordering 
wrong test

No results on 
test needed

6

Doctor order 
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specific 
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Procedure to 
review before 
printing out 5 60

Patient arrives with requisition and is instructed to sign in

Patient is called into drawing station

Review requisition for accurate patient demographics with patient

Patient’s name & DOB
okay?

Is requisition hand-written or
electronic?

Make minor corrections on the hand-
written requisitions

Patient is sent back to the clinic for
corrections on electronic requisitions

Clinic corrects problem, patient comes
back and must start process over

Is the insurance complete?

 Are you sure of
specimen requirements?

Go into Quest database for specimen
requirements

Collect appropriate specimens

Place sealed bagged specimens into pneumatic tube for delivery
to Central Processing

Is requisition hand-written or
electronic?

Make minor corrections on the hand-
written requisitions

Patient is sent back to the clinic for
corrections on electronic requisitions

Clinic corrects problem, patient comes
back and must start process over

Are hand-written tests
legible?

Call clinic office for verification of
illegible tests that have been

ordered

Steps omitted for presentation because of space constraints

UCL=0.039585

LCL=0.004807

CEN=0.022196

UCL=0.027399

LCL=0.0

CEN=0.011409

0.00%

0.50%

1.00%

1.50%

2.00%

2.50%

3.00%

3.50%

4.00%

4.50%

4/
13

/2
00

3

4/
20

/2
00

3

4/
27

/2
00

3

5/
4/

20
03

5/
11

/2
00

3

5/
18

/2
00

3

5/
25

/2
00

3

6/
1/

20
03

6/
8/

20
03

6/
15

/2
00

3

6/
22

/2
00

3

6/
29

/2
00

3

7/
6/

20
03

7/
13

/2
00

3

7/
20

/2
00

3

7/
27

/2
00

3

8/
3/

20
03

8/
10

/2
00

3

8/
17

/2
00

3

8/
24

/2
00

3

8/
31

/2
00

3

9/
7/

20
03

9/
14

/2
00

3

9/
21

/2
00

3

9/
28

/2
00

3

10
/5

/2
00

3

10
/1

2/
20

03

10
/1

9/
20

03

10
/2

6/
20

03

11
/2

/2
00

3

11
/9

/2
00

3

11
/1

6/
20

03

Percent 
TNP's

Week Ending

Output Customer
Completed Requisition Quest Specimen 

Management
Specimen(s) Quest Testing Laboratory

Specimen Bag Stored 
By Temperature

Quest Courier

Sign Out Frozen Log Central Processing

S
Specimen(s) And 

Requisition Are Prepared 
for Send Out

Supplier Input Process
Physician Test request(s) 

Patient Name, DOB, etc (demographics)
Parent Insurance Information

Office Staff Complete requisition with patient 
demographics and insurance 

information 
Patient Specimen 
Quest Diagnostics Specimen collection materials 

Practice Specimen collection materials 
Hospital Specimen collection materials 
Quest Diagnostics Specimen requirement information

Clinic Patient instructions

PROCESS STEPS

PROCESS

Complete 
Requisition

Blood Draw or 
Collect Urine


